ABSTRACT
INTRODUCTION
Silver catfish (Rhamdia quelen, Quoy & Gaimard, 1824) , distributed from the south of Mexico to the center of Argentina, is a siluriform species that stands low winter temperatures and presents fast grow in the summer (BRAUN et al., 2006) . To adjust reproductive performance, studies evaluating temperature and time of oocytes storage (SANCHEZ et al., 2011) , and embryo incubation in different Ca +2 and Mg +2 concentrations (SILVA et al., 2003) have been made.
Reproduction control is a key matter on aquaculture and one limiting factor on reproductive success is gametes quality (BOBE & LABBÉ, 2009) . Teleost masculine gamete is immotile inside the seminal duct, acquiring motility when released in the media. Its activity is related to the ability to fecundate the oocyte; therefore, the knowledge of factors involved on sperm activation could improve fertilization (COSSON et al., 2008) .
Some medium conditions are associated to sperm motility, such as pH, osmolality, temperature, ionic concentrations (Na
) and dilution rate (ALAVI, 2005; . In freshwater teleost, sperm motility is induced mainly by hyposmotic pressure and by dilution of K + seminal plasma concentration (ALAVI, 2006) .
Salinity is known to directly affect egg fertilization, embryogenesis, normal egg and larvae survival and development, yolk reabsorption, and larval growth (BOEUF & PAYAN, 2001) . Studies demonstrated, for African catfish Heterobranchus longifilisi (FASHINA-BOMBATA & BUSARI, 2003) and Nile tilapia Oreochromis niloticus (FRIDMAN et al., 2012) , that low salt concentrations have positive effect on egg hatching.
One of the difficulties for massive catfish fingerlings development is the elevated concentration of the ciliated protozoan Ichthyophtirius multifilis, known as the white spot disease agent (BALDISSEROTTO & NETO, 2005) , responsible for the mortality of high quantities of fingerlings and juvenile in a few days (BOIJINK & BRANDÃO, 2001) . MIRON et al. (2003) and ANDRADE et al. (2006) proved the efficiency of NaCl (4g L -1 ) baths on the I. multifilis infestation of juveniles catfish.
Therefore, the objective of this study was to evaluate the effect of maintaining catfish broodstock in different concentrations of marine salt on the gamete quality and on artificial reproduction of Rhamdia quelen, in order to improve reproductive performance and to avoid the establishment of ichthyos starting from broodstock maintenance.
MATERIAL AND METHODS
In the sperm quality trial, 25 adult males, one year old, produced in the Ichthyology Laboratory from the Federal University of Pelotas -UFPel, were used. Fish were distributed in 180L boxes with water recirculation system, biological filter, constant aeration, natural photoperiod, and environmental temperature, under weekly renovation rate of 80% of total volume. Salinities tested were 0, 2, 4, 6 and 8‰ (marine salt without iodine). Acclimation to the experimental units occurred for 15 days after osmotic shock. Fish were daily fed (10% of biomass) with a commercial diet (Supra Aqualine, 42% crude protein). Dissolved oxygen concentration (YSI 55, USA), temperature, and pH (Hanna HI221) were daily evaluated, while total ammonia (Nessler reagent) was weekly evaluated.
For semen collection, three individuals from each treatment were randomly selected, measured (total length), and weighted. Genital pore region was dried; semen was extruded by abdominal massage and collected with disposable syringe until blood appearance. Total semen volume was standardized in relationship to male weight [= volume collected (mL) /male weight (g)].
After collection, 5µL of semen was transferred to a slide and activated with 50µL of the respective treatment media. Immediately, the slide was covered with a coverslip for motility time analyses (chronometer, 1s) on optic microscope (400x magnification). Motility time was recorded till at least 25% of the cells presented horizontal displacement. Motility percent was determined by subjective estimation, using an arbitrary scale with 25% intervals. Motility degree was classified according to the scale established by HOGAN & NICHOLSON (1987) : 0 -inactive without movement, 1 -vibration without displacement, and 2 -fast displacement.
To demonstrate the relationship between spermatocrit and centrifugation time (centrifuge, 13,000rpm), three males were selected (six capillary tubes for each), and semen was spun from five to 30min, with five min intervals.
For fertilization assays, breeders were maintained for acclimation in 0, 4, and 6‰ salinities (established according to male assay results) for 15 days, before being paired for induction in the same salinities. Six females (1133±208g and 45±3cm) and males (590±85 and 38±2cm) catfish pairs were induced with carp pituitary extract, 3mg kg -1 for females, and 1.5mg kg -1 for males. Couples were maintained in hapas (20 o C, pH 7.8±0.2, natural photoperiod) under fasting.
From the eggs produced, lots with 400 units were destined to the same salinities (0, 4, and 6‰) in tray incubators (90% medium renovation twice a day), in the same condition as their respective broodstock. Fertility and hatch rates and larvae malformation percent were followed, as well as external and internal egg diameter (with and without the perivitelline gelatinous layer, respectively).
Means of total semen volume, motility time, spermatocrit, fertilization rate, and internal and external egg diameter were submitted to oneway analyses of variance (ANOVA), followed by Tukey test. Means of percent and degree of motility were compared with Kruskal-Wallis non-parametric ANOVA, followed by multiple comparison mean ranks test. Hatch rate and larvae malformation percent were compared by Mann-Whitney "U" test. All tests considered 95% of significance level, and results are expressed as mean±standard deviation.
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RESULTS AND DISCUSSION
Water quality parameters during the trial had the following values: 8.1±0.7mg L -1 dissolved oxygen, non-detectable total ammonia (<0.01mg L -1 ), 22±1.7°C temperature, and 8.57±0.07 pH. At the end of the trial, fish did not show significant difference in mean weight (136±56g) and mean total length (25.2±3.4cm).
During salinity acclimation, there was no mortality. CAMARGO et al. (2006) proved that catfishes are capable of osmoregulate in salinities up to 8‰ for 30 days, with 100% survival and without erythrocyte parameters alteration.
In the pre-trial for determination of semen centrifugation time, it was observed a stabilization of values after 15min of processing ( Figure 1) ; therefore, this was the time used. Besides a significant spermatocrit difference between 4 and 8‰, the variation did not appear to respond to media salinity ( Table 1) .
Semen volume (Table 1) , when correlated with individual weight, did not show significant difference among treatments. BORGES et al. (2005) showed similar values of spermatocrit and semen volume for catfish.
Sperm motility time in the present study (Figure 2) , in control as well as in hyposmotic media, was typical from freshwater teleosts, with approximately 30-40s of activity in freshwater and up to 200s in brackishwater. SANCHES et al. (2010) reported sperm motility for R. quelen and also observed reduced motility time; 15s after activation, 60% of the cells were motile in freshwater.
The 8‰ treatment was not able to start sperm motility, however it was verified that sperm became motile when further exposed to the 2‰ media; activation occurred and mean motility time was 75s. Inactivity observed in the highest salinity could be due to the solution osmolality, which is close to the species seminal plasma (275mOsm kg -1 ) (BORGES et al., 2005) . In this way, silver catfish presents sperm activation only in hyposmotic solutions in relation to seminal plasma, similar to most freshwater teleosts. The same was demonstrated for catfish Clarias batrachus (MORITA et al., 2006) and northern pike Esox lucius (ALAVI et al., 2009) , where sperm motility Previous studies with silver catfish demonstrated that pH does not influence activation capacity and sperm motility time (FERREIRA et al., 2001) . Therefore, increases in osmolality, in values below the isosmotic point of seminal plasma, could be the main responsible factor for sperm activation. However, the saline media that presented the highest sperm displacement time are not suitable for catfish fertilization and incubation (Table 2) .
Exposing eggs and embryos to salinity (>4‰) significantly impaired reproductive success.
External and internal egg diameter (Table 2) demonstrated a relationship proportionally inverse to media salinity (respectively: Y=9.77-0.69.X; r 2 =0.93; P=0.0000, and Y=4.90-0.17X; r 2 =0.59; P=0.0000). This deleterious effect probably occurred due to osmotic imbalance, since the reduced egg diameter reflects a dehydration process of the gelatinous layer, which limits the external diameter, as well as of the internal diameter, revealing effects on the developing embryo. Those effects could be associated with the reduced or null hatchability of normal larvae.
Larvae mean total length in 0‰ salinity was 14.15±0.44mm and vitelline sac diameter was 3.72±0.11mm (Table 2 ). Malformed larvae were not measured due to a lack of morphological pattern. In general, freshwater teleost embryos tolerate low salinity. BART et al. (2013) demonstrated that incubation of Nile tilapia embryos at 4‰ presents higher hatch rate than at freshwater or at 12‰. However, according to the results of the present study, it is not possible to perform fertilization and incubation of silver catfish in low salinity media.
CONCLUSION
The utilization of marine salt without iodine, in concentrations between 2 and 4‰, could be used as prophylactic agent for ichthyos in silver catfish Rhamdia quelen broodstock, with improvements in sperm quality; although fertilization and incubation must be done in freshwater medium.
ETHICS COMITTE AND BIOSECURITY
This project was approved by the Animal Experimentation Ethical Committee from the Federal University of Pelotas (CEEA-UFPel, # 5.06.03.022). 
